This study investigates gains in efficiency from Zellner's Seemingly Unrelated Regressions (SUR) procedure using an optical scanner data base supplied by Information Resources, Inc. A total of 162 sales equations describing different brands, product categories, and cities is estimated with both SUR and ordinary least squares (OLS). The coefficient standard errors obtained from SUR are about 25% smaller than those obtained from OLS. Gains in efficiency from SUR are found to be related to characteristics of the sales models and data bases. Large gains in efficiency are observed for coefficients of equations describing the sales of heavily advertised, high-market-share brands, sold at locations utilizing different marketing policies to attract a similar clientele. These features should be recognized in the data collection and analysis processes.
Introduction
Market researchers frequently face the task of assessing the effects of marketing variables on brand sales. One approach to this task is to estimate one or more brand sales response functions and attempt to make inferences about the sales function parameters (e.g., Clarke, 1976; Neslin and Shoemaker, 1983) . The data base for this type of research problem usually describes the product movement and marketing activities of one or more brands at one or more locations over a relevant period of time. If the data describe a single brand sold in a single location or region, the researcher will specify and estimate a single-brand sales equation. Brand sales will typically be modelled as a function of the brand's marketing activities at the location, plus the marketing activities of its competitors. If the data describe B brands in P different product categories sold in L locations (or regions), a researcher could potentially estimate B x P x L different sales response functions. For example, Moriarity (1985) considers sales of three brands at five locations, yielding 15 sales equations.
The specification and estimation of a system of equations recognizes that all of the data are potentially useful in estimating any given sales response function (e.g., Ghosh et al., 1984; Hanssens, 1980; Johnston, 1972) . In the most common situation, G = SUR Coefficient Standard Error
OLS Coefficient Standard Error (I)
As gains in efficiency become larger, this ratio will become smaller. We know that if the error terms of the system of equations are correlated, and some variables appear in one equation that do not appear in another, SUR will produce more efficient estimates of sales function parameters than OLS in both large samples and samples of moderate size (Zellner, 1962 (Zellner, , 1963 . However, this result only holds for correctly specified models. If there is specification error, the efficiency of the SUR estimator depends on the type of specification error. Rao (1974) showed that SUR was less efficient than OLS when the correlation in the equation disturbances was caused by a common omitted variable. In contrast, Kmenta and Gilbert (1968) found that SUR proved superior to OLS-even in small samples-when there were violations in assumptions of homoscedasticity and serial independence of the error terms. In general, gains in efficiency from SUR will be larger if the disturbances of the equations are highly correlated (Zellner, 1962) , and if the sets of explanatory variables of the equations are not highly correlated (Zellner and Huang, 1962) . This is true for small samples (Kmenta and Gilbert, 1968) , as well as large samples. In addition, the gains in efficiency from SUR will increase with the number of equations in the system in large samples (Zellner, 1962; Kmenta and Gilbert, 1968) . Algebraically, G = g (U, X, N);
where (2) g ( ) = a monotonically decreasing function in U and N, and a monotonically increasing function in X U = the correlations between the disturbances of the equations in the system estimated by SUR X = the correlations between the sets of explanatory variables of the equations in the system estimated by SUR N = the number of equations in the system How much improvement in the precision of the parameter estimates can the researcher expect? Some notion of the magnitude of the gains from SUR may be gleaned from Kmenta and Gilbert's (1968) monte carlo experiments concerning a two equation system, where each equation contained two independent variables, and subsequent experiments (Srivastava and Dwivedi, 1979) . These experiments demonstrate that the gains in efficiency from SUR can vary substantially depending on the correlations between the equation disturbances and the correlations between the sets of explanatory variables of these equations. The highest gains occur when the disturbances of the equations are highly correlated (0.925), and there is a low correlation between sets of explanatory variables: The standard errors of the coefficients decrease by 35-50%. The lowest gains occur when the disturbances of the equations are moderately correlated (0.600), and there is a high correlation between sets of explanatory variables:
The standard errors of the coefficients decrease by o-4%.
If the researcher knows the correlations between the equation disturbances and between sets of explanatory variables, a prediction could be formulated by attempting to generalize from Kmenta and Gilbert's (1968) results. Unfortu-1989:18:107-125 R. N. Bolton nately, information about these two characteristics is unlikely to be known prior to analyzing the data. However, it may be possible to estimate them on the basis of information about the characteristics of the model and data. Algebraically,
U=u(D)
and (3)
X=x(D)
where: D = a matrix of descriptors of the model and/or data.
In other words, it may be possible to predict the gains in efficiency from SUR directly from the descriptions of the model and/or data base. Thus, equations (2), (3), and (4) can be summarized in a reduced-form model. That is,
For example, suppose a researcher has a data base that describes product movement for a single brand over a 2-year period at six different stores belonging to the same chain. Statistical tests have indicated (as is typically the case) that the data cannot be pooled across stores. The researcher believes that brand sales at one store are likely to be highly correlated with brand sales at other stores in the same chain because the stores are positioned similarly and have similar clientele. Consequently, the system is likely to have higher correlations between equation disturbances than a comparable data base characterized by stores belonging to different chains. Hence, SUR should yield large increases in the efficiency of parameter estimates. In this example, the researcher predicts that SUR will yield large gains in efficiency (G), because the model/data are characterized by multiple stores belonging to the same chain (D).
The Determinants of Gains in Efficiency for Sales Response Models
As described in the preceding section, characteristics of models and data may affect the correlations among equation disturbances or the correlations among sets of explanatory variables, and thereby affect gains in efficiency for the parameters of sales response models. This section develops hypotheses about characteristics of models and data that may affect the potential gains in efficiency from SUR, and it summarizes them in a model based on equation (5).
The Number of Explanatory Variables in the System
Equations describing brands in different product categories, cities, and locations may vary substantially with respect to their number of explanatory variables because some products or locations are characterized by a greater variety of marketing activities (e.g., promotions). Gains in efficiency from SUR will increase with the number of equations in the system, and these gains will be larger when the sets of explanatory variables are not highly correlated. Consequently, a large number of explanatory variables in the system, due to many equations in the system or many explanatory variables per equation, should be associated with large gains in efficiency from SUR.
Types of Equations in the Systebz
In many marketing applications, a system of equations will describe sales of products with a common origin.
For example, the equations may describe brand sales at multiple outlets in a region. Since marketing theory suggests that equations describing sales with a common origin should have more highly correlated errors than sales equations with different origins, coefficient estimates from equations that are estimated in systems characterized by a large percentage of equations with a common origin (e.g., belonging to the same chain) should have larger gains in efficiency.
Stores in the same chain may have similar patterns of in-store marketing activities for a given brand. If so, the sets of explanatory variables for stores belonging to the same chain may be more highly correlated than the sets of explanatory variables for stores belonging to different chains. This potential reduction in gains in efficiency is considered below.
Brand Marketing Effort
Since the specification of a brand sales equation will frequently include the marketing activities of competing brands in the product category (as well as the marketing activities of the particular brand), equations describing brands in the same product category typically have the same explanatory variables. Hence, the extent of manufacturer marketing effort for a given brand will not affect the extent of correlation among the sets of explanatory variables. It will only affect the extent of correlation among the disturbances. The marketing activities of manufacturers, such as sales force effort and advertising, tend to create a distinctive competitive position and clientele for the brand, which characterizes all sales locations. As a result, the sales of a brand or product category characterized by a high level of manufacturer marketing effort should be similar across locations.
Hence, the disturbances of sales equations describing brands with higher levels of marketing effort should be more highly correlated than the disturbances of sales equations describing brands with lower levels of marketing effort. This prediction was verified with the data base used in this study. The relationship between market share and equation error correlations was examined for a sample of 16 sales equations and found to be statistically significant. As market share increased, the correlations of equation errors increased. Therefore, it is hypothesized that gains in efficiency will increase as brand marketing effort increases, ceteris paribus.
Product Category Marketing Effort
Product categories with high levels of marketing effort will tend to be highly competitive. As a result, the disturbances of equations describing brands in a highly competitive product category are likely to be highly (positively or negatively) correlated. Thus, it is hypothesized that gains in efficiency will be greater for coefficient estimates from sales equations describing brands in product categories with large amounts of marketing effort, ceteris paribus.
Policies of Stores and Chains
A store may have a specific policy concerning its marketing effort that applies to all the brands in a product category. For example, a store may jointly employ newspaper advertising and in-store displays for all its promotions in a given product category. As a result, each store would exhibit a characteristic level of correlations between its explanatory variables and the sets of explanatory variables of other stores for the product category. Therefore, it is hypothesized that the magnitude of gains in efficiency from SUR (for coefficients of equations describing brands in a particular product category) will differ systematically across stores. In addition, it is hypothesized that the gains in efficiency for stores belonging to the same chain and operating in the same city will be similar. Store policy might also be consistent across product categories, implying that a store's marketing efforts (described by the explanatory variables of the store's sales equations) exhibit a similar pattern across product categories. If so, the magnitude of gains in efficiency from SUR will be similar across product categories for the same store or (possibly) chain.
Variable Type
Each type of variable in a given sales equation has a unique set of correlations with the explanatory variables of other sales equations in the system. Hence, gains in efficiency for coefficients will vary depending on the type of variable: prices, displays, features, coupons, or store marketing effort for the product category. For example, the price of a brand in a store tends to have high correlations with marketing activities within the store, while displays or features for a brand in a store have high correlations with promotions at other stores. This pattern may be due to stores' participation in cooperative advertising with manufacturers, stores' use of promotional allowances offered by manufacturers, or stores' use of advertising to compete directly with other stores. As a result, price variables describing a given store will typically have lower correlations with the variables describing other stores than display or feature variables. Therefore, the gains in efficiency associated with coefficient estimates of display or feature variables are hypothesized to be smaller than the gains associated with coefficient estimates of price variables. Also, it is hypothesized that the gains in efficiency associated with coefficient estimates of price, display, and feature variables should be smaller than the gains in efficiency associated with the coefficient estimates of variables describing store marketing effort for the product category.
Summary
This section has described how gains in efficiency may be influenced by characteristics of the sales response model and data. These hypotheses can be summarized in the form of a model based on equation (5) as follows: G = g (NUMBER, TYPE, B/EFFORT, C/EFFORT, STORE, CHAIN, VARIABLE) (6) The variable names in the above equation are defined in Table 1 . Chain ( + or -)
Measure"
The number of exogenous variables in the system from which the standard error originates. The percentage of equations in the system from which the standard error originates that describe stores belonging to the same chain. Market share (brand sales divided by product category sales) at the store described by the equation from which the standard error originates, plus a vector of brand indicator variables. National advertising expenditures during the relevant time period for all brands in the product category, measured by Leading National Advertisers Multi-Media Report (expressed in millions of dollars). A vector of indicator variables that denotes the store k (for k = 1,. , 12) described by the equation from which the standard error originates. A vector of indicator variables that denotes the chain described by the equation from which the standard error originates. A vector of indicator variables that denotes the variable with which the standard error is associated: price, couponing, displays, features, or store marketing effort for the product category.
"The model/data descriptors measure characteristics of the system, equation, or variable from which the coefficient standard error originates. For example, if the coefficient standard error originates from an equation describing brand sales in bleach at store one in city two, bleach's marketing effort will be measured.
bThe sign in parentheses indicates the hypothesized effect on the ratio of the SUR coefficient standard error to the OLS coefficient standard error. Note that the ratio decreases as the gains in efficiency increase.
Methodology
The data used in this study are optical scanner data, supplemented by field survey data, supplied by Information Resources, Inc. However, the specification and estimation issues discussed in this section are relevant to many applications of systems estimation procedures. The data base described weekly sales and marketing activity for brands in four product categories in two cities over a period of 75 weeks. The product categories were frozen waffles, liquid bleach, bathroom tissue, and ketchup. Each category was typically represented by the sales of three brands and by product category sales, at 12 stores belonging to six different chains. Since statistical tests indicated that the data could not be pooled across stores, there were 144 (4 x 3 x 12) possible brand sales equations and 48 (4 x 12) possible category sales equations (or 192 equations in total). Thirty brand sales equations could not be estimated because some brands were not stocked in all stores, yielding 114 brand sales equations and 48 category sales equations to be estimated (or 162 equations in total).
Brand advertising expenditures during the time period, estimated by Leading National Advertisers, ranged from about $1 million to $9 million. Most brands were displayed in the stores, featured in newspapers or flyers, and promoted with coupons during the 75week time period. The frequency of brand displays ranged from zero to one display in any 6-week period for the average brand in each product category. The average frequency of brand advertising features ranged from one to two features in any 16week period.
Specification of the Sales Equations
This study devoted considerable effort to the issue of the correct functional forms for the sales equations for the following reason. If the sales equations are incorrectly specified, the resultant estimates of coefficient standard errors will be biased. If so, the measure of gains in efficiency, described by equation (l), will be biased, and cross-sectional analyses of these measures would be inappropriate. Systematic biases in the measures would be interpreted as meaningful differences in the true standard errors, i.e., in efficiency.
Brand sales were modelled to be primarily a function of the brand's prices and marketing activities and its competitors' prices and marketing activities. Store traffic effects were removed from the data by adjusting volume sold by a store sales index, thus reducing the number of explanatory variables necessary. For example, a typical brand sales equation would include three brand prices (own price and at least two major competitors), about nine brand promotion variables (representing manufacturer or retailer advertising, displays, and coupons for brands in the category), three category activity variables (e.g., number of displays in the category at the store in the previous month), and eleven seasonal indicator variables.
The marketing activities of minor competitors are represented by variables that describe a single "remainder"
or "all other" brand(s).
(A sales equation for a remainder brand is not developed or estimated.) Since brand marketing activities at other stores will generally influence store traffic, they are not included in the equation for adjusted brand sales. Indirect effects of other stores' marketing activities might be reflected in the covariance of the error term with the error terms of other equations.
The functional forms initially considered included a linear model, a multiplicative model, and an exponential model (Lilien and Kotler, 1983) . The linear and multiplicative models dominated the exponential model for all brands and stores. Hence, the Box-Cox transformation procedure was used to further investigate the functional form of each sales equation (Box and Cox, 1962; Box and Tidwell, 1962; Chapman, 1982; Clarke, 1976; Maddala, 1977) . When the results were examined by type of equation, it was evident that the linear additive model dominated the multiplicative model for the 22 equations describing frozen waffles sales in city two. However, the multiplicative model dominated the linear additive model for the remaining 140 equations.
Estimation of the Sales Equations
Since the multiplicative sales equations can be linearized by taking logarithms, each of the 162 sales equations was estimated by ordinary least squares methods. However, SUR should produce more efficient estimates of the price elasticities than OLS. As a first step towards applying SUR to this system, it was postulated that the disturbances of sales equations describing a product category within a city were correlated, while the disturbances of equations describing the sales of brands belonging to different product categories or sold in different cities were uncorrelated.
This assumption seemed appropriate for three reasons. First, the dependent variable (sales) has been adjusted for the effects of week-to-week changes in store traffic, which should include most effects common to all product categories or both cities (e.g., economic conditions). Second, the product categories are not close substitutes or complements, and the cities do not share common characteristics (such as similar media or purchase patterns arising from close geographic proximity). Third, a sample of 36 equations was estimated with OLS, and the correlation matrix of the residuals of these equations was examined. The correlations of residuals of equations describing different product categories or cities were quite small, about 50% smaller than the correlations of residuals of equations describing the same product category and city.
On the basis of the above assumption, the 162 equations were "sorted" by product category and city to form "blocks." There were about 24 equations (four equations/store multiplied by six stores/city) for each block describing sales of a product category within a city. The assumption implies that the covariance matrix of the error terms of the 162 equations is block diagonal. Since SUR estimates are more efficient than OLS estimates only when the equations' disturbances covary, efficient parameter estimates can be obtained by applying Zellner's method of SUR separately to each of the eight blocks of 24 equations that describe a given product category and city. (Wildt [1974] uses this same block decomposition in a smaller empirical problem.)
At a given store, each brand's sales, its competitors' sales, and product category sales were specified to be a function of the same explanatory variables. This means that there are actually only six unique sets of explanatory variables (corresponding to the six stores) in each block of 24 equations describing a given product category and city, where each set is repeated in four equations.
Since SUR provides gains in efficiency when error terms covary only if some explanatory variables appear in one equation that do not appear in another (Zellner, 1962) , it is just as efficient to apply SUR to a block of six equations (each corresponding to one of the six stores) as it is to apply SUR to a single block of 24 equations describing sales of that product category in that city. In other words, each block of 24 equations can be decomposed into four blocks of six equations. Therefore, the 162 equations can be efficiently estimated by applying Zellner's method of SUR separately to 32 blocks of six equations, where each block describes one brand's sales at the six stores in a given city.
If a brand was not stocked in all stores, the block could contain less than 24 equations.
For purposes of efficient estimation, it is still possible to decompose the block into four blocks of six equations.
A block of equations is created for each of the three brands and for category sales. If a block contains less than six equations/stores, the missing equation/store is supplied by "replicating" an equation from another block. (Since the replicated equations are estimated more than once, the results from one replication are discarded prior to the analyses reported hereafter.)
This approach decomposes a system of equations describing B brands in P product categories at S stores in C cities into separate systems of S equations, which are more manageable for estimation purposes. This decompositional approach to estimating systems of sales equations will be just as efficient as jointly estimating all the equations when two assumptions are true. First, it is assumed that equation errors are correlated within a given product category and city, but uncorrelated across product categories or cities. Hence, it is appropriate to apply Zellner's SUR separately to blocks of B x S equations (e.g., 4 x 6 or 24 equations). In situations where a brand's sales are not affected by the marketing activities of other brands in the store, each brand's sales is a function of a small set of explanatory variables, and (depending on the structure of the matrix of exogenous variables of the block of B x S equations), the appropriate method of decomposition may lead to blocks of more than S equations. In situations where some brand's sales are affected by the marketing activities of brands at other stores (apart from store volume effects), each brand's sales will be a function of a large set of explanatory variables, and (depending on the structure of the matrix of exogenous variables of the block of B x S equations) it may be possible to apply Zellner's SUR separately to blocks of less than S equations.
At first glance, the choice of estimation procedure seems to depend on some rather strong assumptions about the covariance structure of the equation errors and the matrix of explanatory variables for the sales equations. However, these assumptions follow naturally from the specification of the dependent variable (adjusted sales volume) and independent variables (describing competing brands) of the sales equations.
When this estimation procedure was applied to the IRI data base, the model specification fit quite well. The average correlation between observed and predicted sales values was 77% (calculated as a simple average across the 162 equations).
Operationalization of the Model of Gains in Efjiciency
The model of gains in efficiency, shown in equation (6), was operationalized in the following way: The measure of the gain in efficiency from SUR was described in equation (1). Gains in efficiency were hypothesized to be a function of the various model/data descriptors described in the preceding section. The measures of the model/data descriptors are displayed in Table 1 . From each estimation procedure, we obtained coefficient estimates and standard errors for the variables of the 162 equations.
Since there were about 14 variables in an average equation, each estimation procedure yielded 2,294 ratios as observations. (The values associated with seasonal dummy variables were not recorded in order to reduce the time and expense of the data collection effort. This step seemed reasonable because these variables would frequently be of less interest to the researcher.)
Since not all brands were stocked in all stores, and not all brands employed all types of promotional tools, the 2,294 observations were distributed somewhat unequally across the four product categories: waffles (455), bleach (394), tissue (780), and ketchup (655). D escriptive statistics for the some model/data descriptors are contained in Table 2 . The average observation was derived from a system consisting of six equations with a total of 92 exogenous variables.
On average, 35% of the equations in the system described stores belonging to the same chain as the equation from which A statistical test of whether these coefficients were jointly equal to zero was rejected.
This finding implies that gains in efficiency differ across stores. A statistical test of the hypothesis that all stores in a given chain have equal gains in efficiency was performed for each chain. This hypothesis could not be rejected for Chain E. This result suggests that this chain utilizes similar market activities at all store locations.
Ultimately, one chain coefficient and nine store coefficients-for the stores in the remaining chains-were included in the model of gains in efficiency.
(The procedure and results were the same for the four product category models and the pooled model described below.) Indicator variables were also used to capture the effects of the type of variable: brand prices, brand couponing, brand displays, brand features or, store marketing effort for the product category. The indicator for variables describing store marketing effort for the product category (which had the lowest correlation with other variables in the sales equations) was dropped. Observations were distributed relatively evenly across stores and somewhat less evenly across variable types.
For reasons of parsimony, the functional form was postulated to be linear additive. Hence, the model of gains in efficiency, shown in equation (6) can be estimated with OLS. A separate model of gains in efficiency was estimated for each product category, omitting the measure of product category marketing effort. In these models, differences in the model parameters across product categories should reflect the impact of differences in marketing effort across product categories. In addition, a model of gains in efficiency that includes the measure of product category marketing effort was estimated by pooling across the four product categories.
Results
The gains in efficiency vary considerably across equations and variables. For example, 92% of the standard errors decreased by 15% or more, and 56% decreased by 30% or more. About 3% of the SUR standard errors were larger than the comparable OLS coefficient standard error; it seems that SUR did not yield gains in efficiency for these observations.
Since the gains in efficiency are estimated, this result may be due to sampling variation.
However, there are two other reasons why SUR may not yield gains in efficiency. First, the SUR standard errors will be 'There are two or three brand indicators per product category, but their coefficients are not reported because the brands are not identified. Brand indicators typically explain a small proportion of the variance in gains in efficiency. N.A.. coefficient was not estimated because there was insufficient variation in the variable for this data subset.
slightly larger if an equation error is actually uncorrelated with other equation errors in the system. Second, they may be larger because of an error in the specification of the SUR equation system, i.e., a violation in one of the restrictions or assumptions described earlier. The average decrease in the coefficient standard errors was 25%. Hence, substantial gains in efficiency are obtained by moving from a single equation estimation procedure to a system estimation procedure.
The systems of equations were generally characterized by correlations among disturbance terms and correlations among explanatory variables in the 0.00-0.40 range. The simulations of Kmenta and Gilbert (1968) indicate that these characteristics are likely to be associated with low-to-moderate gains in efficiency, i.e., an average decrease in standard errors of about 10%. However, the average decrease observed in this study is larger because these systems have more equations and more explanatory variables. The model of gains in efficiency (omitting product category marketing effort) was estimated separately for each of the four product categories using OLS. The results are displayed in Table 3 . In each case, the model explained a statistically significant (p < 0.0001) percentage of the variance in gains in efficiency: waffles (0.15), bleach (0.47), tissue (0.55), and ketchup (0.53).
The explanatory power of the model for frozen waffles is low compared to the other three models. This result occurs because there is much more variability in R. N. Bolton the measure of gains in efficiency for this product category than the others. The majority of the observations for which the SUR coefficient standard error is greater than the OLS coefficient standard error occur in frozen waffles, possibly due to misspecification of a few of the underlying sales equations. This notion is supported by the results of the Box-Cox procedure, which yielded mixed findings regarding the functional forms of some sales equations for frozen waffles. Specifically, the "outlier" observations were all derived from six product category sales equations for city one. If the observations associated with these six equations are dropped and the model of gains in efficiency reestimated for frozen waffles, the explanatory power and statistical significance of the coefficients of the model/data descriptors become comparable to bleach, bathroom tissue, and ketchup. The reestimated model explains 61% of the variance in the dependent variable, and 16 of the 20 model coefficients are statistically significant @ < 0.0001). Since a researcher can never be certain of the true model specification, the impact of these outliers on the results for frozen waffles illustrate the importance of correctly specifying the sales equations in order to obtain gains in efficiency. The outlier observations derived from waffles product category sales equations for city one (3% of the total number of observations) were omitted from further analyses. Then, the model of gains in efficiency was estimated by pooling the data across product categories. This "reduced" model can be compared with the "full" model+onsisting of separate equations for each product category-because the two models are nested. The null hypothesis that the data could be pooled across product categories was rejected (F(52, 2206) = 13.94). This finding suggests that differences in product category marketing effort influence the impact of other variables on gains in efficiency. This notion is discussed in more detail in the following section. However, since there are a large number of observations, it is not entirely surprising that the pooled model is rejected. However, the signs and magnitudes of the coefficients of the most variables (except the store policy indicators) are reasonably similar across the four product categories. This finding explains why the reduced model captures a substantial portion of the variance in gains in efficiency.
The model of gains in efficiency-including the product category marketing effort variable-was estimated, and the results are displayed in Table 4 . The model/data descriptors explain 34% of the variance in the gains in efficiency (p < O.OOOl), and most of the model coefficients are statistically significant.
Discussion
The majority of the hypotheses concerning the effects of model/data descriptors on gains in efficiency are well supported. The following paragraphs describe the impact of the various model/data descriptors on the SUR standard errors for the reduced model shown in Table 4 . Any important differences between these results and the product category specific results in Table 3 are noted where appropriate.
Number of Explanatory Variables Per System
As expected, gains in efficiency increase as the number of exogenous variables in the system increase. This effect is small in size, but statistically significant. On 
Types of Equations in the System
It was hypothesized that the coefficients of equations in systems characterized by a large percentage of equations describing stores belonging to the same chain would have greater gains in efficiency than systems characterized by a small percentage of such stores. The results indicate that the effect of equation type is quite large in size, and statistically significant. For example, consider a six-equation system in which there are two equations describing stores belonging to a given Chain "A" (i.e., one-third of the equations are of type A). If this system had three equations describing stores belonging to chain A (i.e., one-half are type A), the standard errors for coefficients in these equations would be about 8% smaller.
Brand Marketing Effort
The effect of brand marketing effort is somewhat smaller in size, but statistically significant. The results indicate that gains in efficiency for variables in an equation increase with the market share of the brand described by the equation. For example, an equation describing a brand with a market share of 40% will have coefficient standard errors that are about 10% smaller than an equation describing a brand with a market share of 20% (ceteris paribus).
The null hypothesis that the brand indicator variables are jointly equal to zero is rejected (p < 0.01). However, these variables explain a very small portion of the variance in the dependent variable in the five models: waffles (3%), bleach (2%), tissue (15%), ketchup (l%), and pooled product categories (8%). The coefficients of these variables are not reported since they cannot be interpreted without revealing the identities of the brands.
Product Category Marketing Effort
The hypothesis that gains in efficiency are greater for heavily advertised product categories (which will have more highly correlated equation errors) is supported. The coefficient of product category marketing effort is statistically significant. Standard errors decrease about 1% for every additional $10 million of national advertising.
Policies of Stores and Chains
As discussed in the previous section, the hypothesis that the store coefficients are jointly equal to zero was rejected, and the hypothesis that the coefficients of the stores belonging to Chain E were equal could not be rejected (for every model). There are substantial differences in the signs and magnitudes of the coefficients of stores belonging to different chains. For example, gains in efficiency are much smaller for the stores in Chain A than for the stores in Chain B. However, the signs and magnitudes of coefficients of stores belonging to the same chain tend to be very similar. In fact, the hypothesis that the coefficients of the stores in Chain E were equal could not be rejected @ < 0.01). This result is consistent with the notion that the marketing activities of stores tend to be different (even if the stores belong to the same chain) and that gains in efficiency associated with a specific store equation depend on how similar the store's marketing activities are to those of other stores described by equations in the system. The store policy coefficients tend to vary more across the product category models than other coefficients. This finding suggests that stores' policies vary across product categories.
Hence, the gains in efficiency associated with a specific store equation depend on how similar the store's marketing activities for a particular product category are to those of other stores described by equations in the system.
Variable Type
Separate coefficients were estimated for indicators of four of the five types of variables. Hence, each coefficient measures gains in efficiency for coefficients of a type of variable (e.g., price) relative to the gains for coefficients of variables describing store marketing effort for the product category. The hypothesis that gains in efficiency depend on the type of variable is supported.
All four coefficients are statistically significant. This result is consistent with the underlying premise that
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gains in efficiency should be larger for the coefficients of variables that have lower correlations with the explanatory variables of other equations. Hence, the benefits of employing a system estimation procedure will be larger for a researcher concerned with making statistical inferences about the coefficients of such variables. In addition, it was hypothesized that gains in efficiency would be higher for variables describing store prices than for variables describing store displays or features because store prices should have the lower correlations with the variables describing other stores. The ratio of the SUR coefficient standard error to the OLS coefficient standard error was about 6% lower for price variables compared with display or feature variables-a statistic that supports this hypothesis. This result will not generalize to all product categories because the magnitude of the gains in efficiency for price coefficients differs substantially across product categories. However, it should tend to be true for product categories in which brand prices are different across stores over time.
Comments
It is useful to examine the standardized coefficients to obtain a rough indication (since the independent variables are not uncorrelated) of the relative importance of model or data characteristics in explaining the variance in the gains in efficiency from SUR. Indicators of stores, chains, and variable types jointly explain the largest component of the variance. Apparently, store policies and types of marketing activities affect the correlations between the sets of explanatory variables and thereby affect gains in efficiency. Product category marketing effort, the brand's marketing effort, and the percentage of equations that describe stores belonging to the same chain also explain a substantial component of the variance in the gains in efficiency. Systems characterized by brands with high market shares in heavily advertised product categories sold in stores belonging to the same chain have large gains in efficiency, probably because there are high correlations between the equation disturbances. Last, systems with a large number of exogenous variables explain a small amount of the variance in the gains in efficiency. In general, these findings are consistent with theory, which indicates that gains in efficiency are primarily determined by the correlations between the equation disturbances and between the explanatory variables, rather than simply by the number of equations or variables.
dons This paper applied SUR to systems of sales equations estimated with a large optical scanner data base and measured the gains in efficiency. The standard errors of the SUR coefficient estimates were about 25% smaller than the standard errors of the OLS coefficient estimates of the same equations. These results suggest that the gains in efficiency from SUR for sales response models may be quite substantial in many applications.
This study also investigated characteristics of the model and data base that may affect correlations between equation disturbances or correlations between sets of explanatory variables, thereby affecting the gains in efficiency from SUR for sales equations. In general, gains in efficiency from SUR were larger for systems of 19X9:18:107-125 R. N. Bolton equations describing the sales of nationally advertised, high-share brands at stores belonging to the same chain, due to higher correlations between the disturbances of equations in these systems. Gains were also larger for the coefficients from equations describing sales at certain stores because these stores' policies with respect to marketing activities were less highly correlated with the policies of other stores described by the system. In addition, as predicted by previous theoretical work, gains were larger in systems with large numbers of equations or large numbers of explanatory variables per equation. This study shows that information about the data base and the specification of the model, such as the brands and stores described by the data and the size of the system, can be used to assess the benefits of estimating sales equations as a system. In particular, researchers can expect large gains in efficiency for coefficients of equations describing the sales of heavily advertised, high-market-share brands sold at stores or locations utilizing different marketing policies to attract a similar clientele. These results have important implications for the collection and analysis of marketing data. First, researchers should attempt to collect data that will have features that enhance the gains in efficiency from system estimation procedures. For example, it is often possible to collect data that describe sales at multiple locations-such as stores belonging to the same chain or within the same geographic region-where marketing policies vary (or can be manipulated by the manager to vary) across locations.
Second, researchers should recognize such features when specifying and estimating sales response models. For example, specifying and estimating a system of equations yields large gains in efficiency when the data describe national brands, which tend to have high shares and belong to heavily advertised product categories.
Managers are likely to require precise estimates of the effects of marketing effort in a highly competitive environment. Hence, it is interesting to note that system estimation appears to provide larger gains in efficiency in such environments. Gains in efficiency seem to be larger in systems of equations describing competitive situations: heavily promoted products, varied marketing policies, and a high degree of interstore or interbrand substitution.
